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One purpose for comb:n:ng research studxes is:to :

est1mate a populat1on treatment effect. The xnternal validity of a
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~model for how effect size estimates should be computedfagdfcomb;ged
Swill h1nge ‘upon the hompgene1ty of the effect size variation. Effect
.size variation may be assessed. in-. the form of a summary fits BT
stat:st:cpégpd a direct cons1derat1on of the extent of individual
effect vars tion from. the populdtion estimate. This paper presents
some d;agggst;c techniques. that facilitate the analysis of effect
'sizé . var1at10n.,Br@ar1ate piots of effect size residuals can aid in

" detecting sources of variation inconsistent, with the model. <
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-Partrcularly, platt1ng the standardized residual of each study L

jainst .the: homogene1ty of the sample if that study were temoved is .

‘of interest for asse551ng the extent of heterogeneity contributed by
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' 1nd1v1dua1 stud1es.,1t is emphasized .that the use of @;agngst:c S
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Aeeeeeeeeeeﬁffeéreszzegest1mates ﬁé? reflect a varlety of . comﬁarlsons,.;e:éi

méanss ccrrelatlons; proportxons‘ (Gohen, 1977) ’ For 1llustrat1ve77‘

Lo

’purposes we con51der the'ﬂ'éée‘ Where the ‘estlmate feﬁfeéf s theﬁuz‘fﬂic';
5 . ‘ ~ . 7 7‘_ . ; ) ‘v. e
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A 95% asymptotlc confldence 1nterva1 can be expressed as

LCI* G-ﬁo'r 1%*55@90-1'

UGE“‘;‘ GBoT+) ?6*50?00‘1’

*. The model for GDOT assumes that mdz.v:.duai studres

éstiﬁétes of.,a'common populatlon parameter, or: 1n hyp the51s testlng *d“

temﬁ;”f; e iva _‘, |
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& test of this hYpOthESlS cai be expresséd as_ SEEEE

o (The lnterested reader will flnd the complete presentatron of .
;Eq 1 thru Eq 6 ln Hedges, 1982a ) I P o e
v T : e By lf Lot

- Iﬁ' 015 true; then tﬁé test statrstr’ H has “an asymptotlc,f

| chi-square distzibution given by i 4.?‘

I is nq; srgn:f:oapt; R

7777777 ' _.ffg}.v'if H is slgnlflcant, ,then we reject ffhe“x,r,'
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_‘one/ of determrnrng whrch effect estlmates contrlbuted to the 1ack of

fit. Between group dlfferences can be tested wrth the categorxcal far : : ch

, ~ o F ST a

: cong&nuous model f1tt1ng technlques proposed by Hedges (1982b 19826), o oo
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provided one: ﬁés the Informatron ﬁeéessAiy to spec1fy the groups.‘;,

Those téChﬁlQﬂéS,hélp explaln a lack of fit by revealing ﬁﬁeﬁ-éffééts." T T
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" are homogeneous within groups but heterogemeous between groups.
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n thxs srtuatron the 1nve§tlgator may,/ :
LTS v
S ,from the mod flttln *iaéégg '3 L
S5 THhe TeslARAE gi gp g\ L
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y{f*) = 031 roy, - 2?,”"[35) 3:) = 93:7%.
“u Thls re51dna& is computed as the difference between the jrth effect

and the populatlon ’estlmate, where the pognlatron estlmate 1nc1udes N

vthe;j th effect, ;:.‘,7‘ vv-1r~ b S s .
If we want the dlfference bétﬁééﬁ a partlcular efféct and the . .
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where 9 smeans the populatron estimaté does not contaln the j'th -
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effent in the calculatlon. When the model holds, th1s resxdual has an -

: expected value and variance of ‘ : ; v-";/ ok
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Note that the numerators and denominators . in Eq. 7- and. Eq -8

.

'differ. In Eq. ‘é"the numerator W1ll reflect a larger d1scregancy

'

dlfferenCe computed wrth Eq 7. The denomlnator, too, Wlll be larger'

’
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but the rate of change W1ll be less tham ‘that of the numerator. The .

overall result is that res1duals computed under Eqi 8 are larger than

>
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difference betWeen the two alternatrves.' The SRES res1duals are B

',computed from' the populatlon estlmate W1th all studies rncluded

KRS

e standardxzed res1duals computed accordlng to Eq 8“

‘cdi””

wheterogeneous var1atlon.

: their counterparts computed under Eq. 5.3 Table _l,'illustrates the o

(GDOT) The SRESJ .resrduals' are computed based on the populatlon"‘v
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., . pairs . of standardlzed resrduals (SRESJ-SRES) are. llsted rn the BIF?
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'ach 1nstance SRESJ is. vmore 'extreme than SRES ‘d.e;

|SRESSJ-]SRESI->0. o It.ﬁls asserted that these dlfferences 1nd1cate Jd

that SRESJ rs a more sens1t1ve stat1st1c than SRES for detectrng
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Regardiess of the form of the re51dua1 the observed sum of the
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- _residﬁals 15 not 11kety to equai zero. Although%éach res1dua1 has an
. _/ . ‘ . .
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4
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expected value of the snm of those reslduals is Zero, there is. no: A

.
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S algebralc requlrement that est1mated re51duais must,sum to zero 'when o

&
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»they are computed re1at1ve.to a Welghted est1mator. S S i
RN | v St e R
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R When an analysls of reslduals 15 undertaken it 1sn reasonable;'to; L

.. . —
~ ' L 4

'decld' flrSt on an aﬁalytie approach that takes 1nto account the

- number of studles under conslderatlon. Thxs rs because reslduals from oo N

W
o

an anaiysxs- based on 10 or fewer studles do not normaiiy requlre the' "“' - v:;ﬂm
‘ - sy v

' technlques that are usefui when 10 or more studleé are 1nVOIVed A Thrs‘f'

r s - e

T e T e e S i S ST, s .
is a relevant consldenation because sub anaiyses of effect slze data: S

requentiy rnvolve fewer and fewer stud1es oFor a sma11~‘ana1ys1s it :5“

\
3

'qis usually suffic1ent to construct a tab1e contalnxng the'original ‘
‘el v
B &

estxmates, the1r res1dua1s, the H statistlc computed xf that study .

- -y Y 8 —90— N RN
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. were removed. from the

analysls (HJ),a and the upper and wer 95% ‘; dfﬂ‘ ﬁ"””_/

: confldence interval 1f that study'Were removed;p'.(lt, is relatlvely

Aeasy odurlng the ‘1n1t1a1 pass through the - gagf to compute the AR

» - AN . ,,) .

,second step statistics that result when a glven study is removed ) N P

N

0 )
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An example of a summary and dIagnostlc' tabie is presented asAv»" S

Table 2 ,AThe observed homogenelty stat1st1c (H-8 92, df‘6 p5;i6);.; S ._nf*;

"for the, populatron estrmate jEGEOT=.326);_5i§ cons1stent Wlth the . '3-_ﬂ;1 :‘,

c "hypathésis of homogeneous effects The 95% confldence 1nterva1 ( 230“ A

-
LY

to ;923) does not xnclude zero. The 1terated estlmator of GDGT shows o ~t,f' .

- - RN . -
- . L ST

: oni?4 a slight -improvement; ‘as. expected when the data flt the model s
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(ﬁeages, 1982&, Eq ) In the dlagnoqﬁlc St&tlSthSu Sectlon the
s - - —~ : '/".“ X B, —
residua ;,for Study 3 (SRESJ=-2 01) resuits from a relatlvely smail 7{» AR K; -
.Ja- | -{“
| estimate of éﬂa'f £rom ?326 to .35 (GDOTJ) None of the mdlv:Ldu&l 95%
“Q confidence entervals 1nc1ude Zero. We conclude that the ‘xn&1deual 4ffl

§
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QZ;e involved The basic'problem 1s:_"* 
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. coluﬁhé of values
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e e

. narrow,'unbroken Qattern'or dovthey tend t
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recognlzable

_ > T | | ‘ g
The plots presented 1n tth paper do not ad ress whether or not
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plottlng have been shown;to'EeHEg
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In part

thlS

-1

;kf6), and free-wrltlng (k—lﬁ)

. ‘~ .

1nc1uded

(R—S), models (k‘ s

George ‘Hlllocks, LJr.ft:

v

tence combinlng (k—S),

ghiy varléﬁé‘ when

purpbse ~was

apstructxon&i st’itegxes lead to a sxgnlflcant 1mprovement 1n

scaies

s 1ncon51stent w1th the hypothesxs of homogeneous eff

to determ:ne If
e ot
ékltlng_‘

there a =1gn1f1cant dlfferenceu'

. A total of 39
= 3y

(k‘é),r

They represent sxx 1nstructlonal strateglés._ -
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estrmated resldual This ‘méaﬁs thatf_ a) sole consxderatron of thegj7:1

,.ssa..,‘_' - 1 : - .

largest and smallest effect estxmates is not sufrlc1ent, d“b}‘ﬂﬂne }“_;:

F

cho;cev of -resldual Wlll usually be one that has béen

'A

e preferred1

standardlz d. 65vion$1y;f-if the sample rslzes are 1dent1cal theh,,j

‘555§;§ﬁ5;6f‘:%“,$éfgﬁé; SRESJ ééﬁ be 1nterest1ng 'jééuééffihéif

Arogeneoﬁsl _G estlmates WI&I be found %tn the taxls of"the_,gi:F;,fﬂ'f.h.}:
o - - S T lA*Y‘vvf
dlstrlbutlon-’ Gur attentlon Wlll be draWn to gaps ifi, the distrlbntxon;gg;..ﬁ;‘;J‘ :

:; or. c&usters 1n the ta;ls. An example is: PIov:ded in Flgure 2 Twornil;;.,g

PR

features are- noteworthy The f1rst 1s the less';thanl perfect lxnear._'gg,jjffj;L“*'

-
B

elatlon (though r‘ 94) Study A has the ?most negat1Ve effectfgl::,ﬁij'

. ;

L estlmatei(G:- 27) but 1ts resldual (SRESJ—-Z 32) is not as extreme asf*ﬁ#:ffﬁof;flglf;i
A . -
"‘the resldual for study B (G: 05 SRESJ:-S 10) Thls 1s because of ‘the. .

? s

- dlfference 1n sample 51zes. Stu&y A contalns samples of El and 36 S

’fhhf persons. ‘:Study B con51sti of samples W1th 426 and 371 persons. 'The‘zl

l
41

o df%ference populatlon estIméte RS

g o R S NS S N

distrxbutxon deflne the second 1nterest1ng ?_.,*; AR

. .
- ", D L

' studles'hiln the negatxve tall reptesent”,:'

Two of the three"_
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o ,these extreme égtrmates ;hévé upon: thé1.*’ o
', overaii frt of the data Jto the model’ ﬁ natureT‘piet:tezcbnSIder
wouldube G versus HJ /eac'
‘ homogenezty of the sample"i Ehat study were removed The probiemﬁ’
fully represent the
. fsﬁudy Thls is becaus_,,. ,:ff';fif'
: -7,".. cdiiﬁt- ftﬁéf sample ‘:sjlze-“, R i
e . '“, I.. AU

e

-Quiﬁix' FrgureE 3 rllustrates the relatlon bdtween thet'stauaérEEEEETUw

’ -

and the 1mprovement€of frt to the model 1f thelr respectlveg

reslduals

studles are remqyed (SRESJ versus HJ) The plot necessarriykf
quadratlc because xncreasrngly larger and smaller effects>dlvergelfromajifil ; L

>

,thé populatlon est1mate.. The 1nterestxng regrons ‘are the_ektrémésftbfffﬂf:;_ffghwﬁ

v . et

L the curve where e1ther the curve extends for a substantlai dIstance orw;;“f

'lgaﬁspoccﬁr:“

!(‘\

The two studles Wlth the greatest ever estlmate of

:.’ effect and two of the studles 1n the next cluster of saint

. 2
PE s . . - E
g StEL '.‘ . 4wl B

'viﬁQﬁerfl strategles 4,The. féﬁf ' studres o Wlth

<

under estlmate ‘hdfug the populatlon effect 1nvolvez:
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There can be a problem Wlth thls type of plot. Depending on 'how, 3;

“ﬁide?'the plot boundarles are deflned a relatIVely sllght d1fference

7can be transformed}rnto a large gap dOne could attempt to prp&uce aJ} ' .

-b_,n«u .

- g q- C T
% 7*-standardlzed graph by d1v1&1n"£each HJ by the degrees of freedom 1n : sz}-< : ﬁ

:the anaiyslss Thxs plot st111 looks quadratlc but now - the vaiues tendf_-'d“‘“

to be 1dent1ca1 1f the data f1t, or. the: values tend to deV1ate from

; the main cluster of polnts by only a sllght margrn, éﬁ; example ﬁ‘ét

‘presented 1n Flgure 4 (SRESJ versus HJ/DF) How to construct a more

- -

5:ﬁseful standardlzed plot remalns to be dlscovered.. DR T €

In conc1u51on, I emphasrze that tﬁe usedof diagnostle' techﬁiiues, o

"’-uis not advocated for the ad hoc purposefof frndlng a~best flttzng .
"fsubset of' studxes. Such a; purpose | jclearly meanrngiess fork5f%.‘
estlmatlng a populatlon effect: The technlques are, however, usefui.u

.for reveallng why a 1ack of f1t occurred ;The 1ssue of whether'g;

indLV1dual studres should be removed from conslderatlon or should beﬁrzg
- : ' . v ,,".., . o .
s;formed 1nto subsets for separate analysls .must~ 'be;- based '_onﬁ,_ S

orlglnal' e
LA
Eorrgrnal;; T

_'deslgn "That 'is;?.ln the iﬁitiai stages of a project it 1s posslble.ff-ﬁﬁl e

B

.;.that studles have been 1nc1uded that the 1nvestrgator' accepts ~as.¢ Lg~l~

g Q;margig;T}y reievant but whlch are belleved to be conslstent ‘with the: - ;:'~ o

'p;studles of d1rect interest Thls tactxc 1s taken occaslonally when -t
: - . . B

”’,aﬁé seeks hto lncrease the number of studles in the analysls.~ It may

e

. also be the case that the flrst test of the data Wlll be to determrne ;;*

thf- extent of heterogenelty,. gIven that dlfferenCes are assumed‘to;:'
5#ex1st but one wants to verlfy that ~is 1ndeed ’ghe s1tuatlon. If. e
Q . . . o : . - o . . o . :

J;BJ!;‘ .o . S S ..;;;?44;; o -__j*,“._ "._}f _f';;iﬁ;,
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ﬂ‘aﬁﬁgifrthété‘ﬁas,some a prlorl awareness that- they m;ght ﬁ6t5' thenJ

speC1f1c' studles or groups of studles do not - f1t the omnlbus ana1y51s
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s 3 = 1§éjiiijk.§tﬁaié§;
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T® = experimental group mean
:c ) .
Y© = control grOup mean

| (G is the effect estimate for study J)

© Nhe

AG0T
GDOT - 1.96

GDOT + 1.96

URES k. G - GBOT

URES

 / VARG - VGDOT

. UREST

s

e

b

= éiﬁééﬁﬁencéi gréﬁp n

" '{GDOT ig the weightéd mean éstimate of the
! populationi ‘effect parameter) - . . -

PR

(VABG-is the veriance of G)

‘{7\

(VGEGT is the variance of GDOT)

SDEDOT . -
SDGDOT - -, -

%1 3H

(H is ‘the test. statistic for the .
‘ homogeneity of the G estimate. '

It is distributed as 2 &)
_ - k—l

(SRES is the standardlzed residual
: L when study J ls included 1n GDOT)

'[f(SRESJ is the standardlzed reszdual |

W

trhan efndv T is m.ﬁ: included III
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- STUDY Ni_ N3 VARG | G=GDOT= URES SRES|| G = GDOTJ= URESJ SRESJ " DIFH -
1 16 11 .1573| .459 .119 .34 .86 | .459 .09  -.37: 90| .04} . o

. 2 30 30 .0669| .181 .119 .06 ;24 | (181 .10 .08 2710031 e
< 3 30 30 .0689-.521 .119 64 -2.48 [l-.521 .26 -.79 =2.70 | =.22 o J
4 .

. 44 40 :0#78.L;6§7 .119 -.02°-0.09 ’} .097 .13 -.03. -0.12)-:03
537 55 .0462]1 425 . 119 .31 1.48 ;425444994———4524—44;f53_4';z :

.. TABLE 1. --ﬁxfféréﬁééé in SRES dependlng on whether

‘”vint_ T or dot j'th study is included in B estlmate

(These data are—reported in Hedges, ;9823 ) ‘1_3‘
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SUMMARY STATISTICS® = ..

'GDOT . VGDOT SDGDOT  ICI  UCI ' H . DF P
'326° .002  .049 - .230  .423  8.92 6 .

‘THE ITERATED ESTIMATOR OF GDOT
@goer. Il . UCI

goPmoE N

BIAGNOSTIC STATISTICS

4l

STUD¥—N}4—N2———VAR5444fG URESJ SRESJ GDOTJILCIJ UCIT  HI |
~1 70 &5 .0308 .56 | .25 -~ 1.39 .31 |.206 .407. 7.00
71 49 ¢ 0345 . .05 ;g.gg.,-1.§4 .35 |.267 447 6.54
75 49 .0337 -.03 [-0.38 =2.01 .35 7.25& 454 4;87

136 266 .0113 .35 | 030,25 .32 211 429 8.86,

'97 266 0162 .31 |-0.02° -0.15 .33 |.224 .436 8.90| -

142 266 0109 .34 | .02 ¢ .15 .327|:213:-:432 -8.90) o0 . o .

100 266 0140Aggéeffggggrsgggriréng30 .195° ;&67‘ 7. 61l ! R

- T

\Aro{fq\\b‘wzw‘w

L
L

, TABLH 2. ~-Summary and diagnostic stap:stzcs for determlnlng,;f'

homogeneity of . a -small gquantitative .research synthesis

i -(These ga§§7§reir°ported in Hillocks, 1984. This table and .

..o its, statlstrcs are produced by the computer program HSTAT
- ' by Eudiow, iQQE) .
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